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EBQCESS FOR 2HE prepar ation of fluqrinated 

BENZOIC ACIDS 

This ^plication is a continuation-in-part of copending United States patent application 
Serial No. 07/785,851, filed October 31, 1991. 

Tfichnical Field 

The present invention relates to the preparation of starting materials for use in the 
synthesis of quinolone antibacterial agents. More particularly, the invention relates to a process 
for preparing certain halo-substituted benzoic acids and acetophenones which may be employed 
in quinolone syntheses, as well as novel compounds useful in such a process. 

Back ground o f the Invention 

Substituted 1 ,4-dmydro-4-oxoquinoline-3-carboxylic acid derivatives (hereinafter 
quinolones) are known to be effective antibacterial agents (see, for example, United States 
Patent No. 4,730,000, issued March 8, 1988 to Chu). Halo-substituted benzoic acids and 
their corresponding esters and acetophenones are useful as starting materials in the synthesis of 
such quinolones, as disclosed in the published European patent application of Kumai et al , 
No. 0 303 291, published February 15, 1989. 

In particular, 2-chloro-4,5-difluorobenzoic acid (CDFBA), 2,4,5-trifluorobenzoic acid 
(TFBA), and their respective analogous acetophenones are advantageous starting materials for 
quinolone synthesis. Known methods of preparing these compounds, however, suffer from a 
number of drawbacks, including complex chemistry requiring specialized equipment: 
expensive or hard-to-obtain starting materials; materials hazards such as those associated with 
the use and decomposition of diazonium salts; and reactions having commercially undesirable 
selectivities and/or yields. There is therefore a continuing need for an improved process for 
preparing the above intermediates which overcomes some or all of these disadvantages. 

Summary of the Invention 

Accordingly, a new process is disclosed for the preparation of CDFBA and TFBA from 
inexpensive and readily available starting materials. In one aspect of the present invention is 
disclosed a method for preparing a compound having the formula 
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is a radical setaed from the group consisting of -CCb. -CH 2 N02. -CHCNOaR 1 , 
SSSJSwDP^ .-CWPWXWA -CHCCO^KOR* and -COR* where R> 
^LvW Lo aryi c, « and. ^ appearing ~ m 

s^.r^R'^R 2 may*«^^ OTdiifaeDtateachOCCOmnCe - lteme,1,0<1 
comprises reac^g a mliobeiBene having the formula 

a-'^^NOj en) , 

^auapp.opri^earr^ouu.tosaideompouudijn). Suchacarbantoomaybe 

^taX^criugabasewithanucieophile^ 

ofti^alkaL. enauur.es, n^or*«^ 

Ltones. Bases which are suitable ta^^ouuKiude. for exampKfto«selee^m 
^pe— ofanrines,auri« 

bicarbonate*. A pa^ embodiment of tomeurodisoneinwnicbthe base ^ « . . 
(ji22abicycloI5.4.03uodec-7-ene (DBU) or 1,1,3,3-tetramethylguamdtne, framing ^^"^ 
!!^„ep I odoc«Cni>mw m chRis^^ 

andZischloro. ^_ n 

In a second aspect of the present invention, a method is disclosed for preparing a 

compound having the formula 

XT 

y^^s^^Z (TV) i 

wheremXiscMoroorfluoro;oneofYandZischloro;and^ 

method comprises reacting a substituted nitrobenzene, such as one having the formula 



r^^^Z (HI) 



wheremRisselectedtomthe^ . 
CH(C0 2 R1) 2 , -CH(C(0)R2) 2 , _CH(CN)C0 2 Rl, _ C H(C0 2 Ri)COR2 and -COR*, where Ri 
and R* are as previously defined, with an appropriate acid. In a preferred embodament, R is 
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-CH(C02R 1 )2 or -CH(N02)R 1 and the acid is sulfuric or nitric, with about 50% sulfuric or 
about 40% nitric acid being most preferred. The product (TV) of this oxidation reaction may 
then be ^crystallized, as for example from ethyl acetate or methylene chloride. 

In a further aspect of the present invention, a method is disclosed for preparing a 
compound having the formula 




wherein X is chloro or fluoro and R' is hydroxy or fluoro. The method comprises reacting a 
benzoyl chloride having the formula 




wherein X f is chloro or fluoro, one of Y and Z is chloro, and the other of Y and Z is nitro, 
with an appropriate fluoride, and preferably with lithium, sodium, potassium, cesium or 
alkylammonium fluoride. This reaction is subject to the proviso that when X in formula (VI) is 
chloro, Z in formula (V) must also be chloro. 

In a preferred embodiment of the above method, Y is nitro; Z is chloro; the fluoride 
used is potassium fluoride; and the fluorination reaction is earned out in 
N,N-dimethylformamide (DMF) at atmospheric refluxing temperature. In all cases, however, 
a product of fluorination may be hydrolyzed to obtain a compound of formula (VI) where R' is 
hydroxy. Alternatively, the fluorination product may be distilled to obtain a compound of 
formula (VI) where R' is fluoro. 

Also comprised by the present invention are novel synthetic intermediates which may 
be prepared according to the above inventive methods. Included are compounds having the 
formula 




wherein, as before, X is chloro or fluoro; one of Y and Z is chloro and the other is nitro; and R 
is selected from the group consisting of -CC1 3 , -CH2NO0, -CH(N0 2 )R 1 , -OKCChR 1 ^ 
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-CH(C(0)R2) 2 , -CH(CN)C02Rl, -CHCCO^COR* and -COR* where R* and I J* are , 
previously defined. Other compounds of the invention are those which have the fonnula 



F^^X (VI), 
wherein X again is chloro or fluoro, and R' is hydroxy or chloro. 

^7methods and compounds of the present invention are herein described using certain 
terms which, except where otherwise indicated, are accorded the following definitions: 

The term "alkoxide" refers to a compound of the formula R30M or<R30) 2 M, where R 
is alkyl as defined below and M is a suitable cation such as lithium, sodium, potassium or 

^^Theterm W refers to a straight- or branched-chain, saturated hydrocarbon radical 
of one to ten carbon atoms including, but not limited to, methyl, ethyl, propyl, isopropyl, n- 
butyl,tf;c-butyl,ft?rr-butYl and the like. 

The term "amidine" refers to a compound of the formula R^CNR^)^ where RS. 
R6 and R? are independently alkyl and R« is selected from amino and alkyl, or where either or 
both of R5 and R* taken together with either or both of R« and R 7 form a group havmg the 
fonnula -(CH^- where m is two to six including, but not limited to, DBU. 
U-QiazabicycIo[4J.0]non-5-ene (DBN), guanidines such as 1,1,3,3-tetramethyl-guamdme or 
2^butyl-l,133-tetramemylguanidine and the like. 

The term "amine" refers to a tertiary amine of the formula N(R8) 3 or a tertiary diamine 
of the formula N(R9) 3 N, where R* is alkyl of from two to ten carbons or arylalkylhavmg an 
alkyl component of from two to ten carbons and R* is a group of me formula -(CHV where n 
is two to four, including, but not limited to, triemylamine, triemylenediamine and the like. 

The term "aryl" refers to a cyclic or fused bicyclic, aromatic hydrocarbon radical such 

as phenyl or naphthyL 

The term "arylalkyl" refers to an aryl radical linked to the parent molecule via an alkyl 
group including, but notlimited to, benzyl, phenyleihyl, phenylbutyl, naphthylmethyl, 
naphthylpentyl and the like. 

The term "beta-diketone" refers to a compound of the formula 
RHC(0)CH(RIO)C(0)R12, where R"> is selected from hydrogen, alkyl, aryl and arylalkyl and 
Rll and R 12 are independently alkyl, aryl or arylalkyl. 

The term "beta-ketoester" refers to a compound of the formula 
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RllC(0)CH(R 13 )C02R 8 , where R 13 is selected from hydrogen, alkyl and arylalkyl, R 11 is 
alkyl, aryl or arylalkyl, and R 8 is alkyl or arylalkyl. 

The term "bicarbonate" refers to a compound of the formula M iHCOs, where M 1 is a 
suitable cation such as lithium, sodium or potassium. 

The term "carbonate" refers to a compound of the formula (M^COj where M 1 is a 
suitable monovalent cation such as lithium, sodium or potassium, or of the formula M 2 CQ3 
where M 2 is a divalent cation such as magnesium or calcium. 

The term "cyanoacetate" refers to a compound of the formula CH(CN)(R 14 )C02R 15 . 
where R 14 and R 15 are independently selected from hydrogen, alkyl and arylalkyl. 

The term "enamine" refers to a compound of the formula C(NR 16 R 17 )(R 14 )=CHR 15 , 
where R 16 and R 17 are independently alkyl of one to ten carbons and R 14 and R 15 are 
independently selected from hydrogen, alkyl and arylalkyl. 

The term "fluoride" refers to a compound of the formula M 3 F, where M 3 is a suitable 
cation such as lithium, sodium, potassium, cesium or alkylammonium. 

' The term "hydride" refers to a compound of the formula U l H, where M 1 is a suitable 
cation such as lithium, sodium or potassium. 

The term "hydroxide" refers to a compound of the formula M 4 OH, where M 4 is a 
suitable cation such as lithium, sodium, potassium, magnesium or alkylammonium. 

The term "malonate" refers to a compound of the formula CH(R 13 )(C02R 18 >2. where 
R* 3 and R 18 are selected from hydrogen, alkyl and arylalkyl. 

The term "malononitrile" refers to a compound of the formula CH(R 10 )(CN)2, where 
RW is selected from hydrogen, alkyl, aryl and arylalkyl. 

The term "nitroalkane" refers to a compound having the formula CH(R 19 )(R 20 )NO2, 
where R 19 and R 20 are independently selected from hydrogen, alkyl and aryl. 
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SCHEME I 



Step 1 



CD 



'rx' 

(Ha) 



Step 5 



o 2 N^0^a + o 2 nXX 



.a 



Step 2 



(Vila) 



(vnb) 



Step 6 
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.R R 
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The present invention will be better understood in connection with the preceding 
reaction scheme. In Scheme 1, 2,4,5-txichloronitrobenzene (D ^ converted to 5-chloro-2,4- 
difluoronitrobenzene (Ha) in a fluorination reaction (reaction step 1) using a fluorinating 
reagent such as potassium fluoride. Upon exposure to an anion of a nucleophile such as 
nifiromethane or malonate, compound (Ha) undergoes a nucleophilic substitution reaction (step 
2) to produce isomeric nitrobenzene derivatives (ma) and (mb), which are then oxidized, (in 
step 3) to the corresponding benzoic acids (TVa) and (TVb) using, for example, nitric acid. 
Subsequent fluorodenitration, fluorodechlorination and hydrolysis (in step 4) of the mixture of 
benzoic acids (TVa) and (TVb) results in the formation of the quinolone synthesis starting 
material TFBA (Ka, where X is fluoro), while fluorodenitration alone and hydrolysis of the 
isolated benzoic acid (TVa) yields the starting material CDFBA (Kb, where X is chloro). 
Isolation of a particular isomer from a product mixture may be accomplished by known 
separatory techniques, such as crystallization or column chromatography. 

Alternatively, 2,4,5-trichloronitrobenzene (I) may without prior fluorination undergo 
nucleophilic substitution (in reaction step 5) to form isomeric dichloronitrobenzene derivatives 
(Vila) and (Vllb), followed by oxidization (in step 6) to the corresponding benzoic acids 
(Villa) and (Vmb). The mixture of benzoic acids (Villa) and (Vmb) is then fluorodenitrated, 
fluorodechlorinated and hydrolyzed (in step 7) to form TFBA (Ka). 

Not shown but obtainable via Scheme I are the quinolone starting materials 2-chloro- 
5-fluoro-4-nitroacetophenone and 4-chloro-5-fluoro-2-nitroacetophenone, which can be 
prepared from nitrobenzene derivatives (Ilia) and (IHb) via a Nef reaction. Also omitted from 
the scheme, but included among the compounds of the present invention, are benzoyl halide 
intermediates (V) and (VI) which are produced during reaction steps 4 and 7 and discussed in 
greater detail below. 

The above procedures may be carried out using a variety of reagents and reaction 
conditions. In the substitution reactions of steps 2 and 5, which are analogous and are 
demonstrated in Examples 2, 7-10 and 14-18 below, a variety of solvents are suitable including 
common protic or aprotic polar solvents such as DMF, dimethyl sulfoxide (DMSO), dioxane, 
pyridine, THF, N,N-dimethylacetamide (DMAC), and two- to five-carbon alcohols, as well as 
mixtures thereof such as DMSO/water. Alternatively, the nucleophilic substitutions of these 
steps may be performed neat in the presence of a phase-transfer catalyst, as for example 
tris(3 f 6-dioxaheptyl)amine (TDA), tricaprylylmethylammonium chloride, tetrabutylammonium 
fluoride (TBAF) or tetrabutylammonium chloride (TB AC). 

The oxidation reactions of steps 3 and 6 may be carried out as single- or two-step 
reactions, as demonstrated in Examples 3, 5, 1 1 and 12, and are likewise capable of 
considerable variation. When performed stepwise, the oxidation may be performed neat or in a 
solvent such as water, acetic acid or a water-miscible organic solvent, as for example dioxane. 
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Rcagcnts such as acetic acid/HCI, DMSO/NaCL or H 2 S0 4 may be used, optionally followed 
^Simple, nitric acid, permanganate or potassium peroxymonosulfate, with the reacnon 
l ce edingatftomabout25»CtoaboutllO<'C. Alternatively, when tun as a one-step leactxon 
^e^ontnaybecanied outneat orin water, using nitric acid alone or permanganate maad 

atftomabout25°Cto about 110°C. 

The fluorodenitration and/or fluorodechlorination reactions of steps 4 and 7 are 
demonstrated in Examples 4, 6 and 13. These may be performed over a temperature range of 
aboutSO'C to abom250°C depend 

such as tetraphenylphosphonium bromide CIPPB), TBAF orTRAC Polar or non-po^r, 
aprotiosolventssuchasDMF, l-methyl-2-pyrrolidinone (NMP), DMAC, 1,3-dirrrethyl- 
Jimidazolidinoue (DMD, tetramethylene sulfone CTMSO^, toluene and xylenes are preferred, 
andmaybeusedeitheraloneorincombination. Hie fluorinations of steps4and7are 

p^cededbymeforn^ 

desire^mese compounds may be isolate 

Reagents and conditions may be chosen in each of the above reactions to select for a 
particular isomer orproduct lu a preferred embodiment of tte oxidation reaction, for ex^ 
aproduct is obtained in which the major component, 4-nitrobenzoic acid, is present* a23:l 
ratio to the 2-nitrobeuzoic acid isomer, using a mixture of alpha-aryl nitroalkanes (lHa and mb, 
whereRis -CIKNO^) m wh ich theratio of the corresponding isomers is only 2:1 O&cample 
5) as astarting material- Likewise, the fiuorination of benzoyl chloride intermediates (V) may 
be carried out under conditions which favor CO fluorinating at all positions to form a 
ttffluorobenzoylfluoridemterm^^ 

fluoride intermediate without replacement of the ring chlorine (Example 6); or <ui) selecuvely 
converting a mixture of benzoic acids (Wa and Wb, in a ratio of about 2.5: 1) to a single 
isomer, 2-chloro-4^difluorobenzoyl fluoride, again without replacing the ring chlorine 
(Example 13). 

The foregoing methods and compounds of the present invention may be better 
understoodbyreferencetomefoUowmgExamples.wM 
not intended as a limitation upon the present invention. 

Example 1 
«urhlom-2.4>d ;fl ""'-""T^" h<>T17£ne (2) 

200 g (0.883 mol) of 2,4,5-trichloronitrobenzene and 128.4 g (2.21 mol) of KF in 500 
ml of teiramethylenesulfone were reacted at 200°C under nitrogen for 3.5 hours. To me nature 
was added 500 ml of ethyl acetate and the precipitate was filtered. The filtrate was washed with 
brine driedoverrnagnesiumsulfateandconcen.ated. Distillation at 85-90^0.9 mm afforded 



WO 93/09077 



PCT/US92/09300 



-9- 

pure compound 2 with more than 70% yield. 

1H-NMR from CDC1 3 (6 ppm): 7.17(dd, 1H, J=8Hz, 9Hz), 8.26 (dd, 1H, J=7.5Hz, 

7.5Hz). 

MS(m/z): 193 (M + ). 

Example 2 

5.rh1aro>2^fluoro^(nitromethv nnitrobenzene (3) and 5-Chloro-4-fluoro- 
2^nitromethvnnitrobenzene (4) 

DBU (16.5 g, 0.1 1 mol) in 20 ml of ethyl acetate was cooled in an ice-bath and treated 
with nitromethane (3.1 ml, 0.057 mol). The solution was stiired under nitrogen for 10 min and 
10.0 g of compound 2 (0.052 mol, from example 1 ) in 20 ml of ethyl acetate was added 
diopwise at the same temperature. The dark red mixture was stirred for 2 hours and then 
wanned up to room temperature. The mixture was treated with 10% HC1 (10 ml) and extracted 
with ethyl acetate. The ethyl acetate layer was washed with brine, dried over sodium sulfate, 
filtered, and concentrated under reduced pressure to give the product (10.9 g, 89.9%). The 
product consisted of compounds 3 and 4 in a ratio of 2: 1 based on NMR analysis. The two 
isomers were separated by column chromatography (silica gel, 10% ethyl acetate/hexanes). 

Compound 3: yellowish crystals, mp 70-72°C. *H-NMR from CDC1 3 (5 ppm): 5.64 
(s, 2H), 7.47 (d, 1H, J=10.5Hz), 8.22 (d, 1H, J=7Hz). 

Compound 4: iH-NMR from CDC1 3 (5 ppm): 5.81 (s, 2H), 7.31 (d, 1H, J=9Hz), 

8.44 (d, 1H, J=6Hz). 

MS (m/z): 234 (M+). 

Example 3 

2-CMoro-5-fluoro-4-nitrobenzoic acid (5) and 4-Chloro -5-fluoro-2-nitrobenzoic acid (6) 

The product from Example 2 (12.1 g, 0.052 mol) in of 25 ml of cone, nitric acid and 
20 ml of water was heated at 90°C for 2 hours. The solution was cooled to room pemperature 
and diluted with 20 ml of water. The mixture was extacted with ethyl acetate. The ethyl acetate 
solution was washed with brine and extracted with saturated aqueous sodium bicarbonate. The 
water layer was separated, acidified with cone. HC1, and extracted with ethyl acetate. The 
organic layer was dried over sodium sulfate and concentrated. The residue was recrystallized 
from ethyl acetate to afford 7.5 g (66%) of the product which consisted of compounds 5 and 6 



* WO 93/09077 



PCT/US92/09300 



10- 



in a ratio of Abased on NMR analysis. The two isomers were separated by crystallization 
^^^^^Ac-CH^ .H-NMR^DMSO-d,^): 

8.01 (d, 1H, J=HHz), 836 (d, 1H, J=7Hz), 14.2 (br, 1H) 

Compound^ ^H-NMR from DMSO-d* (5 ppm): 7.96 (d, 1H, J = 9 Hz), 8.45 (d, 



lH,J = 6Hz), 14.2 (br, 1H). 
MS (m/z): 219 (M+). 



Example 4 

7 , 4. S-Trifliior rtT"^ fldd m 



Amixmreof compounds 5 and 6 from Example 3 (10.95 g, 0.05 mol) was treated 
with thionyl chloride (5.47 ml, 0.075 mol) and the mixture was refluxed under m«,gen for 4 
bouts. The excess of thionyl chloride was removed by distillation and me remainder distilled at 
85-90°a0.7 mm to afford 10.6 g (89.5%) of the corresponding benzoyl chlorides. 

Ihebenzoylchlorides(10g,42mmol)weredissolvedm30mlof 

tetramemylenesulfone. Tothis was added 15 g (26 mmol) of spray-dried KF and 17£g of 
phthaUoyldichloride. Themixture was heated at 165°C for 3 hours under nitrogen. The 
^du^AS-tri^^ 

the distillate and the benzoic acid 7 was collected by ffltration as white crystals (65% yield). 
1H-NMR from CDC1 3 -CD 3 0D (5 ppm): 7.04 (m, 1H), 7.82 (m, 1 H). 
MS (m/z): 176 (M+). 

Example 5 

SeJ^tivg Pnn^rinn ff f 0-r Mnrn-5.fl u oro-4-nitrobepy0iC (S 

The product prepared in Example 2 (2 g, 2.0 mmol) in 3 ml of cone, sulfuric acid and 2 
ml of water was heated at 100°C for 40 min. The mixture was cooled, diluted with 4 ml of 
water and extacted with ethyl acetate. The ethylacetate layer was partitioned with saturated 
sodium bicarbonate (5 mlX 3). The aqueous layer was acidified and extracted with ethyl 
acetate The combined ethyl acetate fractions were dried over magnesium sulfate, and 
concentrated. The residue was recrystallized from ethyl acetate to form a crystalline product 
(0.31 g, 50%) consisting of compounds 5 and 6 in aratio of 23:1 based on NMR data. 

f?Yample6 
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the product of Example 5 (20 g, 9 1 mmol) was suspended in 60 ml of thionyl chloride 
and heated to reflux for 3 hours under nitrogen. The excess of thionyl chloride was distilled 
off and the resultant acid chloride was dissolved in 40 ml of tetramethylenesulf one. To the 
solution was added 16 g (276 mmol) of spray-dried KF and 38.5 g of 4-chlorosulfonyl 
chloride. (This Example was also duplicated with 40 g benzenesulfonyl chloride in place of the 
4-chlorosulfonyl chloride, with substantially identical results.) The mixture was then heated at 
125°C for 3 hours under nitrogen. Distillation of the reaction mixture at 70-75°C/15mm 
afforded pure 2-chloro-4,5-difluorobenzoyl fluoride. The liquid product was hydrolyzed with 
water and dried under vacuum to give 75% yield of compound 8 as white crystals. 

1H-NMR from DMSO-d 6 (6 ppm): 7.82 (dd, 1 H, J = 1 1 Hz, 7 Hz), 7.91 (dd, 1 H, J 
= HHz,9 Hz). 

MS(m/z): 192 (M + ). 

Example 7 

Dimethyl 2-f2-chloro-5-fluoro-4-nitrophRnvl > >malon atft (9) and Dimethyl 2-(4-chloro-5-fluoro- 

2-nitrophenvttmalonate (10) 
Diethyl 2-(2-chloro-5-fluoro-4-nitroDhe nvnmalonate (9a) and Diethyl 2-(4-chloro-5-fluoro- 

2-nitrophenvDmalonate (lOa) 

Variation 1 : The preparations of compounds 9 and 9a and their respective isomers 10 
and 10a were carried out in the same manner as in Example 2 using dimethyl and diethyl 
malonate, respectively, in place of nitromethane. The products were isolated in quantitative 
yield. In each reaction, a 1.2:1 ratio mixture of the 2-chloro-5-fluoro-4-nitrophenyl and 4- 
cMorc~5-fluoro-2-nitrophenyl malonates was formed, based on NMR analysis. The isomeric 
products were separated by column chromatography (silica gel, 10% EtOAc/hexanes). 

Variation 2 : To suspensions of lithium hydroxide monohydrate (47.9 g, 1.14 mol) in 
DMSO (100ml) at 15°C were added the appropriate dialkyl malonate (86.4 ml, 0.57 mol). The 
mixtures were stirred for 15 min under nitrogen, and a solution of compound 2 (from Example 
1, 100 g, 0.52 mol) in 50 ml of DMSO added dropwise. The dark red mixtures were stirred 
under nitrogen at room temperature for 3 hours, quenched with 10% HC1, and extracted with 
ethyl acetate. The ethyl acetate layers were washed with brine and dried over magnesium 
sulfate. The solvent was removed under reduced pressure to give the pure products 
(quantitative yield), consisting in each case of the 2-chloro-5-fluoro-4-nitrophenyl and 4- 
chloro-5-fluoro-2-nitrophenyl malonates in a ratio of 1.2:1 based on NMR analysis. 

Compound 9: mp 51-51°C. 1H-NMR from CDC1 3 (5 ppm): 3.82 (s,6 H), 5.26 (s, 

1H), 7.59 (d, 1H, J=10Hz), 8.15 (d, 1H, J=7Hz). 
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CompoundlO: IH-NMR from CDC1 3 (8 ppm): 3.82 (s,6 H), 5.37 (s, 1H), 7.48 (d, 

1H, J=10Hz), 8.22 (d, 1H, J=7Hz). 
MS (m/z): 323 ([M+NH4] + ). 

Compound 9a: 1H-NMR from CDC1 3 (8 ppm): 1.30 (t, 6H, J=7Hz), 4.29 (q, 4H), 

5.22 fs 1H) 7 60 (d, 1H, J=llHz), 8.15 (d, 1H, J=7Hz). 

^oZlL lH-NMRfromCDCl3(8ppm): 1.31 (t, 6H, J=7Hz), 4.29 (q, 4H), 

5.32 (s, 1H), 7.40 (d, 1H, J=9Hz), 8.22 (d\ 1H, J=7Hz). 
MS (m/z): 351 OM+NH^). 

Hxamplc8 

■;-fi,^TrwUnitrnphenYlWannacfttate M) and Methyl 2-( 
S-flnfTm-2-nit r»phftnv1'tevanoacetate 02) 

The preparation of compounds 11 and 12 was carried out in a manner analogous to 
that of Example2using 1 g(5.2mmol) of compound 2 (from Example 1) and methyl 
cyanoacetate. The product consisted of 11 and 12 in a ratio of 1 :2 with a total yield of 1 00%. 
Thetwo isomers were separated by column chromatography (sffica gel^0% EtOA^exa^es). 

Compound 11: 1 H-NMR from CDC1 3 (8 ppm): 3.90 (s, 3H), 5.21 (s, 1H), 7.62 (d, 
lH,J=HHz),8.20(d,lH,J = 7Hz). 

Compound 12: off-white solid, mp 92.5-94°C. iH-NMR from CDCI3 (8 ppm): 3.90 
(s, 3H), 5.70 (s, 1H), 7.61 (d. 1H, J = 9 Hz), 8.39 (d, 1H, J = 7 Hz). 

MS (m/z): 290 ([M+NH4] + ). 

F r ^mple9 

p^ yl ^^^^-^""^"^" ^ yl^^tnar^te Q2H 8Pd Ethyl 2-f4-rhloro-5-fluQro- 

9-m>mphenvl> ar ? rn ace talE (14) 

The preparation of compounds 13 and 14 was conducted in the same manner as in 
Example 7 with 03 g of compound 2 (from Example 1) and ethyl acetoacetate. The product 
consisted of compounds 13 and 14 in aratio of 1:1 with a total yield of 0.7 g (89%). The two 
isomeric products were separated by column chromatography (silica gel, 10% EtOAc/hexanes). 

Compound 13: iH-NMR from CDCI3 (8 ppm): 1.20 (t, 3H, J = 7.5 Hz, 7.5 Hz), 
1.84 (s, 3 H), 4.24 (q, 2H), 7.29 (d, 1H, J = 11 Hz), 8.16 (d, 1H, J = 7 Hz), 13.15 (s, 1H) 

Compound 14: iH-NMR from CDCI3 (8 ppm): 1.12 (t, 3H, J = 7 Hz), 1.90 (s, 3H), 
4.16 (q, 2H), 7.09(d, 1H, J = 8Hz), 8.16 (d, 1H, J = 7 Hz). 13.04 (s, 1H). 

MS (m/z): 321 (tM+NH 4 ]+). 
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Example 10 

S-ChlQrQ-2>fluoro-4-rtrichlQrQmethvnnitrQb en2ene (IS) and 5-Chloro-4-fluoro- 
2-rtrichloromethvl)nitrobenzene (16) 

The preparation of compounds 15 and 16 was carried out as in Example 2 using 

chloroform and compound 2. The product consisted of compounds 15 and 16 in a ratio of 1:1 

with a total yield of 44%. 

Compound 15: 1 H-NMR from CDC1 3 (5 ppm): 6,91 (d, 1H, J=12Hz), 8.12 (d, 1H, 

J=7Hz). 

Compound 16: *H-NMR from CDC1 3 (5 ppm): 6.32 (d, 1H, J=13Hz), 8.29 (d, 1H, 
J=7Hz). 

Example 11 

2-Chloro-5-fluoro^nitrobenzoic acid and 4-Ch loro-5-fluoro-2-nitrobenzoic acid (6) From 
Oxidation of Dialkvl (Chlorrvfluoro-nit mphenvnmalonates 

Variation 1 : Each of the mixtures of dialkyl malonate compounds 9/10 and 9a/10a 
prepared in Example 7 (2 g, 6.56 mmol) and 13 ml of 40% HNO3 were heated at 70°C for 3 
hours and then at 90°C for 13.5 hours. The reaction mixtures were cooled to room temperature 
and the precipitates filtered. The solid products collected were washed with water, dissolved in 
ethyl acetate, and extracted with saturated aqueous sodium bicarbonate. The aqueous layers 
were acidified to pH 2 with cone. HC1 and extracted with ethyl acetate. The organic layers 
were dried over magnesium sulfate and concentrated to give light-yellow crystalline product 
(0.72 g, 50%). The !H-NMR spectra of the products showed them to be mixtures of 
compounds 5 and 6 in a 2.6: lratio. 

Variation 2 : A mixture of the dimethyl malonates 9 and 10 from Example 7 (20 g, 
0.06 mol) and 60 ml of 25% of sulfuric acid was heated at refluxing temperature for 21 hours. 
The solution was cooled in an ice bath and the precipitate collected by filtration. The solid 
material was treated with 60 ml of 40% of nitric acid and the mixture refluxed for 30 hours. 
The precipitate formed upon cooling of the solution was filtered, washed with water, and dried 
in vacuum. More product was obtained by extracting the mother liquor with ethyl acetate. The 
product (total yield 8.81 g, 67%) consisted of compounds 5 and 6 in a ratio of about 4: 1 , 
based on NMR spectrum analysis. Crystallization of the product from variation 1 or variation 
2 from ethylacetate gave pure compound 5, 
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Examole 12 

^^■flnnrn-^w^V a rid and 4-Ch1oro-5-f1norn-?-nirm^nzQic acid (6) From 
Oxidation of Et h yl (rhlrTm-fluom-nitronhenvngcgtQ^cgtattiS 

The oxidation of the acetoacetates 13 arid 14 from Example 9 was conducted in the 
same manner as is described in Example 11. The product obtained (0.72 g, 50%) consisted of 
compounds 5 and 6 in a 1: 1 ratio based on NMR analysis. 

Example 13 

?-Oi1nm-4.5-d ffl ynrnbftnzoic *Hd (to via Selective Fluorinappn 

The combined benzoic acids made in each of Examples 3, 11 and 12 (consisting of 
compounds 5 and 6 in aratio of about 2:1) were converted to the corresponding acid chlorides 
as in Example 4. The acid chlorides (2 g, 8.4 mmoD were dissolved in 4 ml of 
tetramethylenesulfone and treated with spray-dried KF (2.0 g, 34.5 mmol). The mixture was 
heated at 150°C under nitrogen for 3 hours and the product distilled at 70-75°ai5nim. The 
acid fluoride collected was hydrolyzed with water and the product was dried in vacuum to give 
pure compound 8 as the only product (0.4 g, 24%). 

Example 14 

9 ^.nichloro^l-n-initrnethvnni t rnhPn^ne (IT, and 4,5-Pichloro-?-f 1 -nitroethyl)nitrobenzens 
~ OH 

To a solution of 75.5 g of DBU (0.486 mol) in 350 ml of ethyl acetate cooled in an ice 
bath were sequentially added dropwise 18.2 g (0.243 mol) of nitroethane and 50 g (0.221 mol) 
of 2,4>tricWoronitrobenzene (compound 1) in 100 ml of ethyl acetate. The resultant mixture 
was stirred under nitrogen at room temperature for 2 days. The mixture was acidified with 10% 
HQ and extracted with ethyl acetate. The ethyl acetate solution was washed with brine, dried 
overmagnesium sulfate, and concentrated. The product obtained consisted of compounds 17 
and 18 in aratio of 1:3 based on NMR analysis (50.3 g, 86%). The two isomers were 
separated by chromatography (silica gel, 10% EtOAc/hexanes). 

2^-DicWoro^(l-iutroemyl)nitrobenzene(17): lH-NMRfromCDCl 3 (Sppm): 1.97 

(d, 3H, J=7Hz), 6.06 (q, 1H), 7.67 (s, 1H), 8.01(s, 1H). 

4,5-WcMoro-2-(l-nitroethyl)nitrobenzene (18): mp 48-49°C. iH-NMR from CDC1 3 
(8 ppm): 2.01(d, 3H, J=7Hz), 6.25 (q, 1H), 7.71(s, 1H), 8.23 (s, 1H). 

MS(m/z): 282([M+NH43 + ). 



WO 93/09077 



PCT/US92/09300 



- 15 - 
Example 15 

nm^ fhvl 2-f4.5-dichlnrn-2-nitrop b p-nv^malonate (191 and Dimethyl 2-(2,5-dichlprQ- 

4-nitrophenv T>malonate (20) 

The preparation of compounds 19 and 20 was carried out as in Example 2 using 
dimethyl malonate in place of nitromethane. The yellowish crystalline product consisted of 
compounds 19 and 20 in a ratio of 2.5: 1 with a total yield of 100%. 

Compound 19: »H-NMR from CDC1 3 (8 ppm): 3.76 (s, 6H), 5.24 (s, 1H), 7.78 (s, 

1H), 7.97 (s, 1H). 

Compound 20: *H-NMR from CDC1 3 (6 ppm): 3.83 (s, 6H), 5.31 (s, 1H), 7.65 (s, 

1H), S.21(s, 12H). 

MS (m/z): 339 aM+NH4] + ). 

Example 16 

tyfothvl 2-f2.5-Dichloro-4-nitTODhenv ncvanoacetate (21^ and Methvl 2-(4.5-Dichloro- 

The preparation of compounds 21 and 22 was carried out as in Example 2 using 
methyl cyanoacetate in place of nitromethane. The product consisted of compounds 21 and 22 
in a ratio of 1:3 with a total yield of 93%. The two isomers were separated by column 
chromatography (silica gel, 8% EtOAc/hexanes). 

Compound 21: *H-NMR from CDC1 3 (8 ppm): 3.90 (s, 3H), 5.20 (s, 1H), 7.82 (s, 

1H), 8.01 (s, 1H). 

Compound 22: white solid, mp 98.7-99.8°C. iH-NMR from CDC1 3 (8 ppm): 3.90 
(s, 3H), 5.68 (s, 1H), 7.89 (s, 1H), 8.48 (s, 1H). 
MS (m/z): 306 ([M+NH 4 ] + ). 

Example 17 

Ethvl 2.(2.5-Dichlom-4-nitTophen vnacetoacetatft (23\ and Ethvl 2-('4.5-Dichloro-2- 

pitro phenvllacetoacetate (241 

The preparation of compounds 23 and 24 was carried out as in Example 7 using ethyl 
acetoacetate in place of nitromethane. The product consisted of compounds 23 and 24 in a 
ratio of 1:3 with a total yield of 90%. The two isomers were separated by column 
chromatography (silica gel, 8% ethyl acetate/hexanes). 

Compound 23: IH-NMR from CDC1 3 (6 ppm): 1.20 (t, 3H, J=7.5Hz), 1.85 (s, 3H), 
4.24 (m, 2H), 7.42 (s, 1H), 8.0 (s, 1H), 13.15 (s, 1H). 



WO 93/09077 



PCI7US92/09300 



-16- 

Compound24: 1H-NMR from CDCI3 (S ppm): 1.13 (t, 3H, J=7.5Hz), 1.91 (s, 3H), 
422 (m, 2H), 7.40 (s, 1H), 8.14 (s, 1H), 13.05 (s, 1H). 
MS (m/z): 337 aM+NH4] + ). 

Example W 

^ ^.n^Wnm-l-Tiitrobenz o iV aod, gS ™d ?..5-Dichloro-4-nitrohen7.oic acid (26) , 

Amixtureof308g (0.881 mol) of the malonates from Example 15, 150mlofHOAc, 
50 ml of water, and 150 ml of cone. HQ was heated at reflux for 2 days and then cooled to 
room temperature. The precipitate was collected by filtration, washed with water, treated with 
200mlofconcJINO3 andtheinixturerefluxedfor2days. The solution was cooled to room 
temperature and the light yellow precipitate was filtered, washed with water, and dried in 
vaccum. The benzoic acids obtained consisted of compounds 25 and 26 in a ratio of 1.8:1 

(total yield: 170 g, 82%). 

Compound 25: 1H-NMR from DMSC-d* (8 ppm): 8.02 (S, 1H), 8.17 (S, 1H). 
Compound 26: iH-NMR from DMSO-d 6 (8 ppm): 8.09 (s, 1H), 8.15 (s, 1H). 

Example 19 
0 d S-Triflnorohenzoic acid (7) 

The benzoic acids from Example 18 were converted to the corresponding acid chlorides 
as in Example 4 with thionyl chloride. The acid chlorides were then reacted with KF in 
TMS0 2 as described in Example 4 to produce 2,4,5-triflurobenzoic acid (after hydrolysis of 
the trifluorobenzoyl fluoride) in a 15% yield. 

Example 20 

7-rhlnrn-5-flunro-4-fl-mtrnelhvl'>mirob en2ene(2T) and 4-Chloro-S-fluQro- 
7- fl-nitmftthvl^niim henzene (28) 

A solution of 1.4 ml ( 10.2 mmol) of DBU in 2 ml of ethyl acetate was cooled to 0°C 
and treated sequentially with 038 ml (53 mmol) of nitroethane and 1.0 g (5.2 mmol) of 
compound 2 in 3 ml of ethyl acetate. The dark-red solution was stirred for 1 hour (0°C-20°C) 
and then acidified with 10% HQ. The mixture was extracted with ethyl acetate, and the ethyl 
acetate solution dried over sodium sulfate and concentrated to give 1.1 g (84%) of pure 
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compounds 27 and 28 in a ratio of 2:1. The two isomeric products were separated by column 
chromatography (silica gel, 10% EtOAc/hexanes). 

Compound 27: 1H-NMR from CDC1 3 (5 ppm): 1.96 (d, 3H, J=7Hz), 6.08 (q, 1H), 

7.46 (d, 1H, J=l lHz), 8.20 (d, 1H, J=6.5Hz). 

Compound 28: l H-NMR from CDCI3 (5 ppm): 2.0 (d, 3H, J=7Hz), 6.28 (q, 1H), 

7.42 (d, IH, J=10Hz), 8.25 (d, 1H, J=6.5Hz). 
MS (m/z): 248 (M + ). 

Example 21 

2-Chloro-5-fiuoro-4-nitroacetophenone (29) and 4-Chloro-5-fl uoro-2-nitro- 

acetnnhenone C301 

The product from Example 18 (1.0 g, 4.0 mmol) was dissolved in 5 ml of methanol 
and cooled to 0°C. To the solution were sequentially added 10 ml of 30% H 2 °2 md 4 0 8 < 29 
mmol) of potassium carbonate in 10 ml of water. The mixture was stirred overnight at room 
temperature and partitioned with ethyl acetate. The ethyl acetate layer was washed with 5% 
HC1 and then brine, and was dried with sodium sulfate. The solvent was evaporated to give 
85.7% of the product which consisted of compounds 29 and 30 in a ratio of 2: 1 . The two 
isomers were separated by columnchromatography (silica gel, 8% ethyl acetate-hexanes). 

Compound 29: mp 105.4-106.7°C. iH-NMR from CDC1 3 (8 ppm): 2.69 (s, 3H), 
7.46 (d, 1H, J = 10 Hz), 8.15 (d, 1H, J = 6Hz). 

Compound 30: mp 117.7-1 19.7°C. !H-NMR from CDC1 3 (6 ppm): 2.55 (s, 3H), 

7.23 (d, 1H, J = 1 1 Hz), 8.25 (d, 1H, J = 7 Hz). 
MS (m/z): 235 ([M+NH4] + ). 

The above embodiments of the present invention are intended to be illustrative and not 
restrictive, the scope of the invention being instead defined by the appended claims and 
equivalencies embraced thereby. It is expected that the particulars of the foregoing description 
may be readily modified by those skilled in die art without departing from the spirit or essential 
characteristics thereof. 
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We claim: 

1. Amethod for preparing a compound having the formula 
,R 



XX 



wherein X is chloro or fluoro; one of Y and Z is chloro and the other is nhro; and R is a radical 
selected from the group consisting of -CC1 3 , -CH 2 NC>2, -CHCNOtfRl, -CBfiX&to 
-CH(C(0)R2>2, -CHCCJOCOzR 1 , -CH(C02Ri)COR2 and -COR* where Rl is alkyl or 
arylalkyl and R2 is alkyl, aryl or arylalkyl and, where appearing more than once in such a 
radical, Rl and may be the same or different at each occurrence, comprising reacting a 
nitrobenzene having the formula 



N0 2 

with an appropriate carbanion to form said compound. 

2. The method according to Claim 1 wherein said carbanion is generated by 
reacting abase with a nucleophile selected from the group consisting of chloroform, 
nitroalkanes, enamines, malonates, beta-ketoesters, cyanoacetates, malononitriles and beta- 
diketones. 

3 The method according to Claim 1 wherein said carbanion is generated by 
reacting abase with a nucleophile selected from the group consisting of nitroalkanes of formula 
CH(Rl*)(R20)NO2, enamines of formula C(NRi6Rl7)(RH)=CHRl5, malonates of formula 
CH(R13)( C 02R18)2, beta-ketoesters of formula RHC(0)CH(Rl3)C02R8, cyanoacetates of 
fonnulaCH(CN)CR 14 )C02R l 5 malononitriles of formula CH(Rl°)(CN) 2 , and beta-diketones 
of formulaRllC(O)CH(Rl0)C(O)Rl2, where R» and R20 are independently selected from the 
group consisting of hydrogen, alkyl and aryl; Rl* and RW are independently selected from the 
group consisting of hydrogen, alkyl and arylalkyl; R* and R« are independendy alkyl; R 13 
and R18 are independendy selected from the group consisting of hydrogen, alkyl and arylalkyl; 
R" and Rl2 are independendy selected from the group consisting of alkyl, aryl and arylalkyl; 
RIO is selected from the group consisting of hydrogen, alkyl, aryl and arylalkyl; and R» is 
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selected from the group consisting of alkyl of from two to ten carbons and arylalkyl having an 
alkyl component of from two to ten carbons. 

4. The method according to Claim 2 wherein said base is selected from the group 
consisting of amines, amidines, hydroxides, alkoxides, hydrides, carbonates and bicarbonates. 

5 . The method according to Claim 4 wherein said base is DBU or 
l t 133.tetramethylguanidine; R is -CH 2 N0 2 or -CH(N0 2 )CH 3 ; X is fluoro; Y is nitro; and Z 
is chloro. 

6. A compound having the formula 




wherein X is chloro or fluoro; one of Y and Z is chloro and the other is nitro; and R is a radical 
selected from the group consisting of -CC1 3 , -CH2NO2, -CHCNOtfR 1 , -CHCCC^R 1 )^ 
-CH(C(0)R 2 )2, -CHCCNX^R 1 , -CHC^R^COR 2 and -COR 2 where R 1 is alkyl or 
arylalkyl and R 2 is alkyl, aryl or arylalkyl and, where appearing more than once in such a 
radical, R 1 and R 2 may be the same or different at each occurrence. 

7 . A method for preparing a compound having the formula 




wherein X is chloro or fluoro; one of Y and Z is chloro; and the other of Y and Z is nitro, 
comprising reacting a nitrobenzene having the fonnula 




wherein R is a radical selected from the group consisting of -CCI3, -CH2NO2, -CH(N02)R 1 , 
.CH(C0 2 R 1 )2, -CH(C(0)R 2 ) 2 , -CH(CN)C0 2 R 1 , -CH(C0 2 R 1 )COR 2 and -COR 2 where R 1 is 
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alkyl or arylalkyl and is alkyl, aryl or arylalkyl and, where appearing more than once in 
such a radical, Ri andR^may be the same or different at each occurrence, with an appropnate 
acid. 

8 The method according to Claim 7 wherein R is selected from the group 
consisting of -CHCCO^ and ^ where Rl is alkyl or arylalkyl and said add is 
sulfuric or nitric acid. 

9 . The method according to Claim 8 wherein said acid is about 50% sulfuric acid. 

10. The method according to Claim 8 wherein said acid is about 40% nitricacid. 

11. ThememodaccordmgtoClaim 10 additionally comprising recrystallizing said 
compound from ethyl acetate and methylene chloride. 

12. A method for preparing a compound having the formula 
F .COR' 



whereinX is chloro or fluoro and R' is hydroxy or fluoro, comprising reacting a benzoyl 
chloride having me formula 

X^^s^^COCl 



wherein X' is chloro or fluoro, one of Y and Z is chloro, and the other of Y and Z is nitro, 
with an appropriate fluoride, subject to the proviso that when X is chloro, Z must also be 
chloro. 

13. The method according to Claim 12 wherein R' is hydroxy, additionally 
comprising hydrolyzing the product of said fluorination reaction. 

14. The method according to Claim 12 wherein R' is fluoro, additionally 
comprising distilling the product of said fluorination reaction. 
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15. The method according to Claim 12 wherein said fluoride is selected from 
lithium, sodium, potassium, cesium and alkylammonium fluorides. 

1 6. The method according to Qaim 15 wherein Y is nitro; Z is chloro; said flue 
is potassium fluoride; and said fluorination reaction is carried out in DMF or TMSO2 at . 
atmospheric refluxing temperature. 

17. A compound having the formula 




wherein R' is hydroxy or chloro. 



